Abstract-In order to improve analytical activities and providing support to decision makers in the field of terminology, the article proposes a decision support system developed based on the data warehouse technologies and online analytical processing OLAP. The architectural and technological model of the system, its integration with the terminological information system is presented. The role of this system in the National Terminology Information System is shown. The article also presents the structure of the data warehouse and the OLAP-cube developed on its basis.
I. INTRODUCTION
Nowadays, terminology, which is the field of linguistics, is paid much attention. The presence of positive growth dynamics in the number of new terms is one of the characteristic features of the development of science, technics and technology. In this regard, the life cycle of terms, comprising the emergence of new terms, their use, and their transformation from terms into commonly used words, i.e., their determinization or even their inclusion to the category of archaisms, as well as semantic relations of terms, discovery and study of their equivalents in other languages, and their synonyms, etc. are of great interest for scientists and specialists in this field.
At present, due to scientific and technical progress, computerization and the rapid development of information technologies, their widespread use, and the modernization of various fields of activity are observed. In this regard, information technology is an integral part of any sphere of professional activity, including terminology, in which developing terminology information systems play an important role.
The article [1] presents the concept and architecturaltechnological model of the National Terminology Information System (NTIS) with a detailed description of all its functional subsystems.
Note that one of the areas of terminological activity is the terms inventory, i.e. collection and description of terms, date, place and language of their origin, the area they are related to, etc., since this information is important for scientists-terminologists for the analysis of the situation, predicting and identifying trends in order to make analytical decisions.
The article proposes a decision support system (DSS) developed based on the Online Analytical Processing (OLAP) and data warehouse (DW), which is predicted to provide significant support to decision makers (DM) and to improve analytical work in this area. The integration of the proposed DSS with the NTIS is shown as an integral part of the functions and functional subsystem of the Terminological Registry.
The article also presents the approximate structure of DSS DW, including the OLAP-cube built on its basis. The article also introduces the integration of the proposed DSS into the NTIS as a part of the functional subsystem Terminological registry. Moreover, it presents a sample structure of the DW DSS, an OLAP-cube built on its basis, and the use of OLAP-cube technology for data analysis.
The article [2] addresses the problem of conceptual data modeling used in multi-dimensional analysis. The core concept of the model is a multidimensional aggregation cube (MAC), which gives a broad and flexible definition of the concept of a multidimensional cube. The main contribution of the authors is the definition of the basic concepts of the proposed model, although the set of requirements and the evaluation of all relevant models represent an additional output compared to these requirements.
The article [3] proposes a method of conceptual OLAP modeling of the subject field. It is shown that the use of conceptual OLAP-model allows increasing the efficiency of online analytical processing of multidimensional data. A conceptual analytical model of scientific activity of an organization based on the proposed method is built.
The article [4] explored and proposes a fairly universal updated approach to OLAP cube modeling based on modern ontological and systemic representations in this field of scientific knowledge.
The authors of the article [5] introduces a conceptual multidimensional data model that facilitates even complex constructions based on multidimensional data elements, such as dimensions, measures (indicators) and cells. The data model is closely related to mathematics. It uses a set of new mathematical concepts, namely the Hset, to define its multidimensional components, such as dimensions, measures, and meta-cubes. Based on these concepts, the data model is capable to represent and capture the natural hierarchical relationships between dimension members.
II. INTEGRATION OF OLAP-AND HD-BASED DSS WITH THE TERMINOLOGY INFORMATION SYSTEM
DSS is a computer system that enables decision makers to authenticate their choice based on the analytically confirmed recommendations provided to them [6, 7] . The main purpose of using DSS is to extract useful for decision makers information out of the available data. The implementation of the collection, consolidation and subsequent processing and analysis of received information are aimed at improving the efficiency of the activities of the organization due to the use of modern information technologies and the creation of a single information space, its analysis and forecasting.
DSS should meet the following basic requirements:
• DSS architecture will provide openness for new applications, and the expansion of the set of functions performed, and the introduction of new data; • implementation of information requests to the DSS will be realized in an extremely short time, ensuring the possibility of operational analysis and decision-making;
• DSS will be designed so that users who do not have special knowledge in the field of ICT will have the opportunity to work with it, since most of DMs are not experts in this field.
DSS can be developed based on various technologies, such as HD and OLAP.
HD is a set of decision support technologies designed to enable executives, managers and analysts to achieve more efficient and fast decisions. B. Inmon defines DW as "a subject-oriented, integrated, uncorrectable, timedependent set of data used mainly for decision-making in an organization" [8] .
DW supports online analytic processing, that is, OLAP, the functional and performance requirements of which significantly differ from those for online transaction processing (OLTP), which traditionally support operational databases. Unlike OLAP, OLTP applications typically automate routine data processing tasks. These tasks are structured, repetitive, and consist of short and isolated transactions. Obviously, historical, aggregated and consolidated data, on which DW is built, is more important for decisions support rather than the detailed individual records that constitute the basis for OLTP. Note that the amount of DW of organizations may range from hundreds of gigabytes to terabytes.
OLAP (Online Analytical Processing) performs multidimensional data analysis and provides opportunities for complex calculations, trend analysis and complex data modeling. It is the basis for performance management, scheduling, budgeting, forecasting, financial and general reporting, analysis, etc. OLAP enables the end users to perform data analysis in several dimensions, thereby providing the information necessary to make effective decisions.
With the use of OLAP technologies, multi-parameter models are created, the purpose of which is more adequately representing the real processes [9] [10] [11] [12] . The concept of OLAP is based on the concepts such as Hypercube or metacube, Dimension, Members, Cell, Measure or indicator, multidimensional analysis, data marts [13] [14] [15] . Typical OLAP operations includeslice&dice, roll-up, and drill-down. A subset of the hypercube resulted from fixing the member of one dimension is called a slice, and two or more dimensiona dice. Roll-up and drill-down are performed on those dimensions with hierarchical structure. These dimensions may include "Time" with hierarchy levels as: "yearquarter -month -week -day", "Region" with hierarchy levels as: "country -city -district", etc. Due to abovementioned operations, OLAP has the advantage of easy data navigation: moving through hierarchies within a dimension and moving along dimensions. This allows quickly changing the views on the data when working with OLAP depending on the selected parameters, and provides a complete picture of the situations to the decision maker [16] . A study of available information terminology systems has revealed several disadvantages. Despite the presence of important functions such as the establishment of semantic relations, discovery of new terms in texts through special program-agents, discussion of new terms in forums, etc., they have not fully monitored the terms. They also fail a comprehensive terms inventory that can provide significant support for DM when making analytical decisions. Figure 1 shows the architectural and technological model of DSS for NTIS based on a three-level DW model [19] .
The core of the architecture of any DW is its typical edition. However, when developing a DW for a particular organization or for solving a particular analytical task, it has its own characteristics. The first level of the proposed DSS represents various sources of these terms, which are represented in the NTIS [1] . These may include the terms found as a result of automatic text processing and extracted from them using special program-agents, obtained as a result of ongoing discussions in forums, and adopted by a group of scientists and specialists in a certain field, etc. To ensure high quality data before they are included to DW, data cleaning may be required. Therefore, at the intermediate level, when transiting to the second level, the data enter the data cleaning area. In addition, the intermediate stage performs ETL (Extraction, Transformation, Loading). ETL is a technology that converts heterogeneous data into consistent data useful for the use in a decision support process [20] . The second level of DSS is DW. DW stores both current and historical data. Historical data regarding the terms are the determinized terms and those that have shifted into the category of archaisms. It should be noted that historical data storage is the foremost advantage of using DW in NTIS, since their presence expands the possibilities for generating analytical reports and, consequently, for performing analysis.
Data marts (DM) are distinguished from DW, which represent the third level of DW. Each DM includes the data oriented at solving related tasks. In the current task, DMs focus on compiling the explanatory dictionaries (in certain fields of activity), translation dictionaries (azerus., aze-eng., etc.) and dictionaries of synonyms, etc. In this regard, DW and, consequently, the DMs built on its basis, should have all the necessary data.
The fourth level is OLAP, which is a key component of DW in DSS. OLAP provides the reports for analysis on DW queries.
To identify the location of the DSS in the NTIS, we review one of its functional subsystems -Terminology Registry. Terminology Registry consists of three segments: corpus of terminology dictionaries (CTD), terminology database (TDB) and backup copy system (BCS) [1] . Their functions are as follows:
• CTD supports and systematizes all terminology dictionaries and other materials (books).
• TDB stores electronic forms of terminology dictionaries and provides user requests.
• BCS stores backup copies of electronic resources.
NTIS, as noted above, is an open system and accordingly, TDB is constantly updated from various sources. Changing the composition of TDB leads to the need to change electronic dictionaries. This is enabled with the application of DW and OLAP, with the help of which dictionaries are automatically formed in real time based on DMs extracted from the current contents of DW. Figure 2 shows the structure of terminology registry of NTIS, in which TDB is integrated with DSS as a DW, with OLAP included in it. It should be noted that when allocating DMs from DW, each DM has its own OLAP-cube, i.e. OLAP model built in DSS will be poly-cubic (Fig. 3) . 
where 
where n k , 1  and n l , 1  . That is, the same dimensions may correspond to different cubes. As it is known, the elements of the data storage structure are Fact Table and Dimension Tables [11] . Figure 4 shows an example of the structure of DW of DSS for NTIS. In the given DW, the fact is the appearance of a new term (Term-app_Fact), and the dimensions are the date (Date_Dim), the source of the term (Sourse_Dim), the fiel of activity (Field_of_act_Dim), and the language of thee term (Language_Dim) etc.
In the above mentioned DW, dimension "Date" has a hierarchical structure with the following hierarchy levels: "year --month --day", as well as dimension "Language" with the following hierarchy levels: "language familylanguage group".
III. ANALYSIS OF OLAP-CUBE DATA IN DSS FOR NTIS
The OLAP-cube integrated into the NTIS enables adapting OLAP-technologies for the analysis, visualization of multidimensional data and processing of terminological information. This integration results in the identification of trends and problems that constitutes the basis for affecting the management system.
Visualizing OLAP cube data in various aspects using OLAP operations allows analysts to implement more comprehensive analysis. OLAP operations include: slice, Dicing, Roll up, Drilling down, etc. The operation Slicing generates slices. A slice is a subset of a multidimensional array that corresponds to one value for one or several dimension elements that are not included in the subset. The operation dicing generates a dice that has more than two dimensions of the cube.
Roll up is a special analytical method by which the user shifts from drilled down data to rolled up data, whereas in Drilling down, on the contrary, from rolled up data to drilled down data. The Roll up function may include SUM, AVERAGE, COUNT, etc. [21] .
An OLAP cube may have any number of dimensions. Figure 5 shows the OLAP-cube, built on the basis of the proposed DW. In this case, three dimensions that are the attributes of DW are selected for the analysis. They are Date, Field of activity and Source of data. In the presented example of an OLAP cube, its cells contain the numbers representing the number of terms entered on the relevant date, related to respective field of activity, and generated in respective languages. Since two of these dimensions, namely Language and Date, are hierarchical, the results of the Roll up function SUM () will be placed in them. OLAP-cube also enables drilling down these values. With the use of a software application, this numerical information can be visualized, that is, inclusion of the terms themselves in the cells as well. Figure 6 presents the versions of the cube slices shown in Figure 5 . The slices are generated in three flats. a) b) c) Fig.6 . Examples of cube slices Figure 6 shows a) a slice of this cube in the flats "Field_of_act" and "Language" for the selected time period "Date", b) -a slice of this cube in the flats "Date" and "Field_of_act" for the selected language of the term, "Language", c) -a slice of this cube in the flats "Date" and "Language" for the selected field of the term "Field_of_act". As a result of these operations, we obtain the data presented in the form of two-dimensional tables containing the corresponding indicators. Figure 7 shows a dice of the cube, for which the values of three dimensions are selected simultaneously.
Data processing and analysis in OLAP cube represents the process of finding valuable information and detecting hidden patterns using the methods such as statistics, data collection and analysis, and forecasting. Note that the source and rolled up data in the DSS can be stored either in relational or in multidimensional databases. Three main ways of data storage are used at the physical level: multidimensional model, relational model ROLAP, and hybrid model HOLAP [22] .
For multifunctional systems, HOLAP architecture is the most efficient and convenient. HOLAP is a hybrid architecture that combines ROLAP and MOLAP technologies. HOLAP architecture assumes the presence of two databases simultaneously: relational and multidimensional databases. The relational database is designed to store the drilled down source data, as well as to execute SQL queries in them. In addition to drilled down data, a multidimensional database also stores rolled up data. Since NTIS is a multifunctional system, it would be reasonable to use HOLAP for the implementation of the task.
Obviously, reporting is one of the most important components of OLAP. It should be noted that the use of HOLAP provides almost the entire set of necessary functions for reporting and data analysis on its basis. In this case, reporting can be implemented based on the data taken from a two-dimensional relational database, as well as on OLAP-cubes. Availability of these opportunities provides more comprehensive picture for data analysis.
IV. CASE STUDY
In order to realize the approach proposed in the article to include OLAP technology in the NTIS, a model is developed in which the DW is based on data extracted from terminological dictionaries in various fields.
The system is implemented for personal computers operating in Windows 7, Windows 8, etc. The OLAP implementation environment includes Pivot Table Excel which is an OLAP visualization. The number of terms in various dimensions is determined by the aggregate function COUNT (). 
V. CONCLUSION
The establishment of a national terminology information system is an important step towards the development of the field of terminology in Azerbaijan. The implementation of NTIS is predicted to support the terminological activities in Azerbaijan based on the international and national standards, and to enable increasing number of people to participate in online forums. In addition, the consolidation of terminology dictionaries in a single information system, which assumes NTIS, will increase the effectiveness of terminological research.
The distinctive contribution of NTIS is the formulation of the Azerbaijani term base. DSS proposed in this article, developed on the basis of DW and OLAP technologies, will make NTIS more advanced and flexible. It will provide significant support to decision-makers, improve the analytical work in the field of terminology, and play an important role in research.
